Introduction: Antibiotic stewardship programs (ASP) improve appropriate antibiotic use. Data
INTRODUCTION
Antibiotic resistant bacteria kill 23,000
Americans and infect another 2 million annually [1] . Compounding this problem is the lack of new antibiotics targeted against the most highly resistant bacteria such as carbapenem-resistant Enterobacteriaceae (CRE). Antibiotic stewardship programs have been implemented in hospitals to improve the use of antibiotics and limit the unnecessary antibiotic pressure that contributes to antibiotic resistance.
Antibiotic stewardship programs (ASP) have been valuable in children's hospitals. Many pediatric ASPs have significantly reduced the overall use of antibiotics without a reported increase in patient harm or antibiotic resistance [2, 3] . Furthermore, these programs have been associated with an up to US$200,000 reduction in antibiotic acquisition costs [4] . Finally, pediatric clinicians impacted by ASPs believe these programs improve the overall care of patients and provide knowledge about the appropriate use of antibiotics [5] .
Nevertheless, data are limited on whether a pediatric ASP results in a clinical benefit for hospitalized children. Among adult hospital ASPs, studies have demonstrated a decrease in the length of stay in the medical ICU, a reduction in Clostridium difficile rates, and an improvement in antibiotic susceptibilities of common pathogens [6] [7] [8] . The objective of this study was to determine the impact of a children's hospital ASP on hospital length of stay (LOS) and rate of readmission. 
METHODS

Compliance with Ethics Guidelines
This article does not contain any new studies with human or animal subjects performed by any of the authors. This study was approved by
Children's Mercy Hospital's institutional review board.
Study Population
The study population included all individuals with a single ASP review from 
Outcomes
The primary outcomes were hospital LOS and 30-day hospital readmission rates. Length of stay was calculated as the number of hours between the patients' admission and discharge from the hospital. A patient was included in the 30-day readmission rate if PHIS assessed data confirmed they were readmitted as an inpatient to the hospital within 30 days of the prior discharge with the same APR-DRG as the prior hospitalization.
Statistical Analysis
First, unadjusted differences in LOS and readmission based on two separate ''treatment'' indicators were calculated. The first indicator was whether the ASP provider gave a recommendation related to the patient's antibiotic regimen. The second indicator focused on those receiving a recommendation, related to agreement or disagreement with the recommendations. Both treatment indicators were modeled as binary indicators.
Adjusted differences in the primary outcomes were then calculated using inverse probability-weighted (IPW) estimates as a means to control for possible confounding. The propensity score was calculated using multiple factors that were hypothesized to be related to an ASP recommendation: (1) 
RESULTS
ASP providers performed 17,422 reviews during the study period. Patients admitted to the PICU (n = 1707), the NICU (n = 1893), or the hematology/oncology service (n = 3460), who had more than one review (n = 2038), who had incomplete data for analysis (n = 261) or who died (n = 25) were excluded, resulting in 8038 total reviews for analysis. Among the total 8038 reviews, 1362 (16.9%) resulted in a recommendation which was agreed with in 1116 (81.9%) cases. Disagreement with recommendations was highest in patients who were classified as having a CCC (Fig. 1) . Suspected sepsis was the most frequently identified indication for antibiotics among non-CCC medicine children (n = 1060) and ceftriaxone was the most common ASP monitored-antibiotic prescribed in those patients (Supplemental Fig. 1 Supplemental Fig. 2 ).
Outcomes
The unadjusted median LOS between children receiving a recommendation versus no recommendation was similar in 2 of the 4 groups ( Table 2) . Non-CCC medicine children who received an ASP recommendation had a significantly longer median LOS than children who did not receive a recommendation (81.5 vs.
66.4 h, p\0.001). A significantly longer LOS was also observed for the non-CCC surgery group (difference of 5 h, p = 0.015). Differences in length of stay were not statistically significant when evaluating based upon agreement with the ASP recommendations (Table 3) . When disagreement with ASP Tables 4, 5 ). After performing IPW analysis, the readmission rate was significantly greater in children on a medicine service with a CCC that did not receive a recommendation versus those who did receive a recommendation (7.3% vs 4.2%, p = 0.005). The readmission rates for CCC surgery patients without a Fig. 1 The percent of disagreement by patient group and recommendation type 
DISCUSSION
We present the largest study to date evaluating the impact of an ASP on length of stay and readmission rates in patients hospitalized at a children's hospital. Length of stay was observed to be longer for non-CCC children admitted to a medical service who received an ASP recommendation, regardless of acceptance. In contrast, a shorter LOS (22 h) was identified in children with CCCs hospitalized on a medicine service when providers agreed with the ASP recommendation. Readmissions were more common for all patients that did not generate an ASP recommendation.
As hospitals continue to develop and implement ASPs, studies evaluating both positive clinical benefits and possible negative outcomes are necessary. In this study, we hypothesized a significant positive clinical benefit would be observed through a decrease in LOS and decrease in 30-day readmission rate. In a previous study, we demonstrated that among patients admitted to a hospitalist service LOS was longer for patients having an ASP recommendation that was agreed upon by the hospitalist service [14] . In this study, which evaluated patients admitted to hospitalist and general pediatric services, the LOS was increased for non-CCC medicine patients receiving an ASP recommendation but was not increased when comparing whether the provider agreed increases the risk [16] . Many factors impact the care of these complex children, but our data suggest that input from ASP providers can positively impact the care for these children and may result in significant cost savings. The findings from this study also support that enforcing the judicious use of antimicrobials did not have undesired implications such as an increase in readmission rates.
This study has several limitations. First, we did not include all patients reviewed by our ASP. This could result in underestimating the impact of the ASP as data have shown that intensive care unit lengths of stay have been significantly reduced by the presence of ASPs [6] . Second, this study was done at one institution with an ASP that focuses on the use of prospective-audit with feedback. Other ASPs utilizing different strategies potentially could find similar to greater success in the reduction of LOS and readmission rates. Finally, while we tried to account for severity of illness within our comparison groups by performing IPW analyses, we recognize that there are unmeasured confounders that may have impacted our propensity score calculations and potentially affected the exchangeability of treatment groups.
CONCLUSION
This study demonstrates the clinical impact that is realized when a formal ASP is implemented in a children's hospital. For hospitalized children with CCCs whose care resulted in an ASP intervention, shorter hospital stays and less readmissions were confirmed. As health care models for reimbursement continue to change toward a bundled payment model, the presence of a formal ASP in a hospital is essential to ensure optimal care for patients, and especially for those with special healthcare needs. Future research is needed to understand the impact on specific patient populations (e.g., PICU, NICU, hematology-oncology) for which ASPs might have the greatest clinical impact and to add support for the resources necessary for development and implementation of these important hospital programs.
